Assessing benefits and risks of hormone therapy in 2008: New evidence, especially with regard to the heart ■ ABSTRACT Observational studies, including the observational component of the Women's Health Initiative, consistently found that women who chose to use menopausal hormone therapy (HT) had a reduction in mortality and cardiovascular disease incidence relative to women who did not use HT. Randomized controlled trials have taught us that initiation of HT in older women (> 60 years old) remote from menopause (> 10 years since menopause) potentially has more risk than benefit. Additionally, randomized controlled trials have confirmed observational studies indicating the safety and benefit of HT in young (< 60 years old) recently menopausal women (< 10 years since menopause). In other words, we have come full circle in our understanding of HT, with a caveat concerning initiation in older women. Importantly, the magnitude and types of risk associated with HT are similar to those of other commonly used therapies. These data have led to recommendations that the benefits of HT exceed the risks when initiated in menopausal women younger than 60 years. P hysicians and their women patients have faced a continuous, confusing mix of information about the risks and benefits of hormone therapy (HT) for perimenopausal and postmenopausal women, most of it without respect to age or the timing of HT relative to menopause. Initial data from the Women's Health Initiative (WHI) estrogen + progestin (E+P) trial, a prevention study conducted predominantly in older postmenopausal women without menopausal symptoms, 1 resulted in questioning of the role of HT (unfortunately and inappropriately in younger symptomatic women). Cumulative trial data and further analyses of the WHI have refined and added to our understanding of the effects of HT, particularly with regard to cardiovascular health. This review will update physicians on the latest data on the risks and benefits of HT, with a particular focus on the heart, and will put the risks of HT into appropriate clinical context.
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■ HORMONE THERAPY AND CARDIOVASCULAR
DISEASE: A HISTORICAL PERSPECTIVE Observational studies conducted prior to the WHI found consistently that women who self-selected to use HT had a reduction in mortality and in the incidence of cardiovascular disease relative to women who did not choose to use HT. [2] [3] [4] [5] [6] [7] [8] This reduction in risk was apparent whether the HT users had taken ET (estrogen therapy) or EPT (estrogen-progestogen therapy). In contrast, randomized controlled trials failed to confirm these findings from observational studies. However, the findings from randomized controlled trials were derived from older postmenopausal women who were many years past menopause. Often overlooked is the WHI observational study of ET and EPT, 9, 10 in which women who chose to use HT had a reduction in the risk of coronary heart disease (CHD) similar to that observed among the HT users in other observational studies.
■ RECENT REPORTS FROM THE WHI
Since the original publication of the WHI E+P trial in 2002, 1 an extensive collection of data have been published in piecemeal fashion, contributing to the confusion and misperception of the effects of HT on risks and benefits. It is important to note that the WHI consists of both randomized and observational components, as detailed below, and that data have come from both. Together, these data help clarify the misperceptions generated from the first WHI report of 2002, 1 particularly misperceptions regarding the timing of HT initiation relative to menopause and the effect of HT duration on cardiovascular disease outcomes. In most instances, the conclusions drawn from this recent research run counter to the inaccurate but prevalent perception that HT use at any time and at any age is associated with cardiovascular harm, a perception that has unfortunately prevailed since the initial publication of the WHI E+P trial findings in 2002.
The WHI randomized trials and combined analysis
The WHI trials enrolled 27,347 postmenopausal women aged 50 to 79 years at baseline; almost twothirds of the women enrolled were 60 years of age or older, and the majority of women were more than 10 years past menopause. WHI actually comprised two parallel randomized trials:
• One among 16,608 women who had not undergone hysterectomy (ie, with uterus intact), who were randomized to EPT or placebo (ie, WHI E+P trial) 1 • One among 10,739 women who had undergone hysterectomy, who were randomized to ET or placebo.
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Recent analyses from the WHI, published in 2007, assessed the cardiovascular effects of ET and EPT independently and combined, both overall and according to subject age and years since menopause when randomized. 12 Other analyses following the initial WHI E+P trial publication have analyzed the effects of HT according to duration of HT use and according to secondary end points. Many of these analyses have presented risks and benefits in terms of both nominal and adjusted confidence intervals (CIs). Nominal 95% CIs describe the variability in risk estimates that would arise from a simple trial for a single end point. Although nominal CIs are traditionally used, they do not take into account the multiple statistical testing issues (across time and across outcome categories) that occur in a trial. In contrast, adjusted 95% CIs correct for these stastical testing issues. From a clinical perspective, it is most appropriate to look at the adjusted CIs. Table 1 enumerates current relative and absolute risks and benefits, including nominal and adjusted CIs (where available), of various end points in the placebocontrolled WHI E+P trial. [12] [13] [14] [15] [16] [17] [18] CHD. Although the point estimate for CHD is increased, the 95% CI indicates that EPT has a nonsignificant effect on CHD outcome relative to placebo among all women randomized in the WHI E+P trial (mean age, 63 years). 12 This is a very important point for cardiologists and primary care physicians to note.
WHI: EPT vs placebo
In a 2008 analysis of the WHI E+P trial that included a 2.4-year open-label follow-up subsequent to the randomized trial, 19 the randomized trial data reported were again different than in previous reports, but remained nonsignificant. The hazard ratio (HR) reported for CHD in the 2008 analysis for the randomized portion of the trial was 1.22 (95% CI, 0.99 to 1.51), as compared with 1.23 (95% CI, 0.99 to 1.53) reported Breast cancer. Breast cancer risk was originally reported to be increased significantly (by an additional 8 cases per 10,000 women per year) in the EPT arm versus the placebo arm with the nominal statistic, but this increase was nonsignificant after adjustment. 1 This risk estimate was revised in a follow-up publication 1 year after the original data were reported, and the increase in risk in the EPT arm was still no longer significant in the adjusted analysis. 21 Importantly, another subsequent analysis that adjusted for baseline risk factors for breast cancer resulted in a further revision of the risk estimate, which again showed a nonsignificant increase in the EPT arm relative to the placebo arm.
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14 This is very important since it is commonly accepted that EPT increases the risk of breast cancer when this has not been definitively proven in any randomized controlled trial.
Unfortunately, the most recent breast cancer data 14 (Table 1) were not used in the 2008 WHI E+P analysis. 19 However, even using the unadjusted data in the 2.4-year open-label follow-up in which women were no longer on their randomized regimens, the HR for breast cancer between the original randomized treatment groups was nonsignificant and the change in the HR over time from the randomized phase to the open-label phase was not significant.
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Venous thromboembolism (VTE). EPT was associated with a doubling of the risk of VTE (ie, deep vein thrombosis and pulmonary embolism) compared with placebo, resulting in an excess of 18 VTE events per 10,000 women per year of therapy. 15 The risk of VTE was significant across the entire cohort of women (mean age, 63 years).
In the 2008 WHI E+P analysis, the HR reported for VTE during the randomized phase was different than in previous reports-1.98 (95% CI, 1.52 to 2.59) Fracture. The risk of hip fracture was reduced by 33% with EPT relative to placebo, which was statistically significant in the nominal analysis but not in the adjusted analysis. 17 The risk of any fracture was reduced by 24% in women randomized to EPT compared with placebo, which was statistically significant and translated to 47 fewer fractures per 10,000 women per year of therapy. 17 Clinically, these results are most impressive given that women randomized in the WHI were not selected on the basis of risk for osteoporosis or fracture. This claim cannot be made for any other therapy.
In the 2008 WHI E+P analysis of the 2.4-year open-label follow-up in which women were no longer on their randomized regimens, the HR between the original randomized treatment groups was nonsignificant for hip fracture and any fracture-0.92 (95% CI, 0.64 to 1.34) and 0.91 (95% CI, 0.78 to 1.06), respectively-and the change in the HR over time from the randomized phase to the open-label phase was not significant for either fracture outcome.
Diabetes. The risk of new-onset diabetes was reduced by a statistically significant 21% in women randomized to EPT compared with placebo. Table 2 presents the most current relative and absolute risks, including adjusted risks (where available), of various end points in the WHI trial comparing ET with placebo in women who had undergone hysterectomy. 11, 12, [22] [23] [24] CHD. Importantly, no significant difference was found between the ET and placebo arms with respect to CHD events in the overall cohort of women, whose average age was 64 years.
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WHI: ET vs placebo
12
Stroke. The risk of stroke was greater with ET than with placebo in the nominal analysis, but importantly, the difference in event rates (11 per 10,000 women per year of therapy) failed to reach significance in the adjusted analysis.
11,12
Breast cancer. A strong but nonsignificant trend toward a reduction in breast cancer risk was apparent in the ET arm (8 fewer breast cancer cases per 10,000 women per year of therapy). Among women who actually were adherent to their study regimen (ie, consuming ≥ 80% of their study medication), there was a statistically significant 33% reduction in breast cancer risk with ET relative to placebo. 22 Importantly, the reduction in breast cancer risk relative to placebo was found across all the age ranges studied.
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VTE. The excess risk of VTE with ET versus placebo (32%) was less than the excess risk of VTE associated with EPT (Table 1) . Importantly, the risk of VTE associated with ET was not statistically significant. 11, 23 Fracture. The risk of any fracture (hip or vertebral) was reduced significantly in the ET arm compared with the placebo arm. Diabetes. In a nominal analysis, there was a trend toward a reduction in the risk of new-onset diabetes in women randomized to ET relative to placebo, which nearly achieved statistical significance. 24 
■ WHAT EXPLAINS THE DISCORDANCE BETWEEN OBSERVATIONAL AND RANDOMIZED TRIALS OF HT?
How can the perceived discordance between the results from observational studies and those from randomized controlled trials be explained? There are currently three hypotheses:
• The populations differ in the two types of study designs (observational studies and randomized controlled trials)
• The duration of HT use differs • The timing of HT initiation differs in relation to age, time since menopause, and stage of atherosclerosis.
Population characteristics
One obvious difference between randomized trials and observational studies of HT is the presence of menopausal symptoms. To maintain blinding, women with hot flashes were predominantly excluded from randomized trials of HT, whereas the presence of hot flashes is the predominant menopausal symptom of women included in observational studies and the main reason women seek HT from their providers.
Other consistent and possibly explanatory differences between clinical trials and observational studies of HT are patient age at enrollment, years since menopause, and body mass index (BMI). Comparing randomized controlled trials with observational studies, age at enrollment was much higher in the clinical trials (mean age ≥ 63 years) than in the observational studies (range of 30 to 55 years). Similarly, women enrolled in randomized trials were more than 10 years beyond menopause, whereas those in observational studies were less than 5 years beyond menopause. In fact, more than 80% of HT users in observational studies initiated HT within 1 or 2 years of menopause.
Additionally, women in randomized trials of HT tend to have higher BMIs than their counterparts in observational studies. For example, mean BMI was considerably higher in the WHI randomized trials The risk of breast cancer with increasing BMI was most pronounced in younger postmenopausal women. One interpretation is that high endogenous estrogen levels in postmenopausal women with an elevated BMI serve to increase breast cancer risk to a level beyond which HT adds no further risk. Alternatively, conjugated equine estrogens may act through a selective estrogen receptor modulator mechanism to block any potential adverse breast tissue effects of elevated endogenous estrone and estradiol levels.
Duration of HT
Another hypothesis for the discordant findings between observational and randomized studies of HT focuses on differences in duration of HT use between the two types of studies. Duration of HT use has been substantially longer in observational studies, ranging from 10 years to 40 years, compared with no more than 7 or 8 years in randomized trials to date. Moreover, the results from observational studies have suggested that the longer the duration of HT use, the greater the benefit in terms of CHD risk.
For example, a case-control study by Chilvers et al showed that HT protected against nonfatal myocardial infarction only when used for more than 60 months. 27 Analysis of data on EPT use from the Heart and Estrogen/progestin Replacement Study (HERS), 28 the randomized WHI E+P trial, 20 and the WHI observational study 9 reveals an interesting and consistent trend: rates of CHD events increased during the first year of EPT therapy (compared with placebo or nonuse) but then declined over time, ending up below the rates of CHD events in placebo recipients or nonusers of HT after approximately 5 years of therapy. This trend was not as pronounced with ET use in either the WHI randomized trial 29 or the WHI observational study, 10 but the incidence of CHD events did decline over time with ET use in both studies, and in the WHI observational study, greater than 5 years of ET use was associated with a significant 27% reduction (HR, 0.73; 95% CI, 0.61 to 0.84) in CHD events compared with nonuse.
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Timing of HT initiation A third hypothesis for the discordance between randomized and observational studies of HT concerns the timing of HT initiation relative to patient age, time since menopause, and stage of atherosclerosis. As noted above, women enrolled in randomized trials have tended to be considerably older and further from menopause compared with their counterparts in observational studies. The effects of differences in timing of HT initiation on specific clinical end points, particularly in relation to cardiovascular health, are reviewed below.
CHD. Stanford University researchers performed a meta-analysis of 23 randomized trials in 39,049 postmenopausal women (representing 191,340 patientyears) in which HT use was compared with placebo. 30 The analysis revealed no difference in CHD rates between those assigned to HT and those assigned to placebo in the overall cohorts, but among women who were younger than 60 years of age and within 10 years of menopause, there was a significant 32% reduction in CHD events in HT users compared with controls (Table 3) . HT was also associated with a significant 34% reduction in CHD events in younger (< 60 years) versus older (> 60 years) women.
Similarly, recent analyses from the WHI randomized trials show that women who were enrolled less than 10 years from the onset of menopause had a trend toward a reduction in CHD risk with HT use. 12 The relative risk of CHD events increased progres-CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 75 • SUPPLEMENT 4 MAY 2008 sively the further from menopause that women initiated HT. These trends held true in both the ET and EPT portions of the trial (Figure 1 ). This same analysis showed that among WHI enrollees younger than age 60, the risk of CHD was lower in HT recipients than in placebo recipients. 12 The risk of CHD increased progressively with HT relative to placebo in women older than 60 years of age. 12 Early and continued HT use may interrupt the pathogenic sequence of vascular aging, potentially preventing progression of atherosclerosis to the late stage at which plaque rupture and clinical events occur. In contrast, late intervention with HT may have little effect on established plaque and, in the case of EPT, may actually predispose to plaque rupture. This concept has been demonstrated in a pair of sister studies, the Women's Estrogen-Progestin Lipid-Lowering Hormone Atherosclerosis Regression Trial (WELL-HART) 31 and the Estrogen Prevention Atherosclerosis Trial (EPAT).
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Mortality. The same Stanford University researchers who performed the above meta-analysis of CHD events also assessed odd ratios for overall mortality in a metaanalysis of 30 randomized trials of HT versus placebo that included a total of 26,708 postmenopausal women (representing 119,118 patient-years). 33 They found the timing of HT initiation to have an effect on mortality similar to its effect on CHD events. In the overall cohort of women, the odds of death were not different between the HT and placebo groups, but among women younger than 60 years (mean, 54 years), those randomized to HT had a significant 39% reduction in the risk of death (HR = 0.61; 95% CI, 0.39 to 0.95) compared with those randomized to placebo. HT had no effect on mortality among women older than 60 years (mean, 66 years) in this analysis. These mortality data are consistent with those from the WHI randomized trials, in which both EPT and ET were associated with a 30% reduction in overall mortality relative to placebo among women 50 to 59 years old. 12 When both the EPT and ET portions of the WHI were combined to increase the sample size, HT was associated with a significant 30% reduction in mortality (HR = 0.70; 95% CI, 0.51 to 0.96) compared with placebo among women 50 to 59 years old.
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Stroke. The most recent WHI data indicate that stroke is not increased with ET in women 50 to 59 years of age, as there were 2 fewer events per 10,000 women per year of ET relative to placebo. 12 In this same age group, the risk of stroke from EPT was increased by 5 events per 10,000 women per year of therapy relative to placebo. 12 Among women randomized within 5 years of menopause, stroke risk was increased by 3 events per 10,000 women per year of EPT relative to placebo.
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VTE.
Although age was not a significant contributing factor to the risk of VTE from HT in the WHI, the absolute risk of VTE was lower in younger versus older women. The additional absolute risk for VTE events per 10,000 women per year of EPT use was 11 events for women 50 to 59 years old at randomization, 16 events for women 60 to 69 years old at randomization, and 35 events for women 70 to 79 years old at randomization. 15 The additional absolute risk for VTE events per 10,000 women per year of ET use was 4 events for women 50 to 59 years old at randomization, 7 events for women 60 to 69 years old at randomization, and 11 events for women 70 to 79 years old at randomization. 23 A history of a prior thromboembolic event increases the risk of VTE with postmenopausal HT use, which should be considered before HT is initiated.
■ HORMONE THERAPY IN CLINICAL PERSPECTIVE
Comparative effects of lipid-lowering therapy and HT Examination of the evidence regarding lipid-lowering therapy for prevention of CHD, as well as its effects on breast cancer risk and coronary artery calcium scores in women, can add some much-needed per- 
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spective and context to the HT data reviewed above.
CHD prevention. Walsh and Pignone examined six randomized controlled trials (N = 11,435) of primary prevention with lipid-lowering medication in women and found no significant effect on CHD events, nonfatal myocardial infarction, CHD mortality, or total mortality. 34 In eight randomized controlled trials of secondary prevention (N = 8,272), lipid-lowering therapy in women resulted in significant reductions in CHD end points but had no effect on total mortality.
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Breast cancer risk. In the WHI and in HERS, randomization to EPT resulted in nonsignificant increases of 20% 14 and 30%, 28 respectively, in the risk of breast cancer compared with placebo, and randomization to ET in the WHI was associated with a nonsignificant 18% reduction in breast cancer risk 22 (Table 4) . In randomized controlled trials of statins published to date, 35 the risk of breast cancer in the women randomized to a statin relative to placebo ranged from a reduction of 25% (Heart Protection Study [HPS]) 36 to a 12-fold increase (Cholesterol and Recurrent Events [CARE] trial) 37 (Table 4) . In three meta-analyses of statins and cancer risk, [38] [39] [40] statin therapy was associated with a nonsignificant increase in breast cancer risk relative to placebo (HRs ranging from 1.04 to 1.33), accounting for 2 to 7 additional breast cancer cases per 10,000 women per year of statin use. These data suggest similar magnitudes of risk for HT and statins in terms of breast cancer diagnosis.
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Atherosclerosis progression. In three randomized controlled trials, 1 to 4 years of statin therapy had no effect on the progression of coronary artery calcium compared with placebo. [41] [42] [43] Among 1,064 women 50 to 59 years old who participated in a WHI substudy called the WHI Coronary Artery Calcium Study (WHI-CACS), those who were randomized to ET had significantly less coronary artery calcium at year 7 compared with those assigned to placebo. 44 The mean Agatston coronary artery calcium scores were 83.1 with ET versus 123.1 with placebo (P = .02). used therapies, such as vitamin supplements, 45 calcium supplements, 46 statins, 47 aspirin, 48, 49 fibrates, 50 oral antidiabetic medications, 51 and selective estrogen receptor modulators 52 (Table 5 ). For example, the risk of stroke associated with HT is less than that of fatal stroke with raloxifene 52 and the excess risk of hemorrhagic stroke with atorvastatin in secondary prevention of stroke. 47 Although comparing risks between therapies is imprecise because risk estimates are obtained from studies of different populations, it does serve to provide a perspective of the accepted magnitude of risks and reassurance concerning the safety of HT.
Comparing risk of HT with risk of other therapies
Other comparisons yield similar conclusions. 35 For instance, a comparison of the ET arm of the WHI randomized trial with raloxifene in the Raloxifene Use for the Heart (RUTH) trial 52 reveals similar effects on CHD, stroke, VTE, pulmonary embolism, deep vein thrombosis, and breast cancer, with the only large difference being a greater reduction in bone fracture risk with ET compared with raloxifene. 35 Finally, in putting the risk of VTE with HT into perspective, consider that the risk of thromboembolic events with selective estrogen receptor modulators 52 and with the fibric acid derivative fenofibrate in diabetics 50 is of similar magnitude as the risk with HT. Figure 2 presents the risks and benefits (in terms of CHD, stroke, VTE, breast cancer, and overall death) with ET (relative to placebo) in the WHI randomized trial according to age at enrollment. 11, 12 Notably, ET recipients in the youngest age group (50 to 59 years) experienced a reduction in the risk of all outcomes except VTE. In contrast, ET recipients in the oldest age cohort (70 to 79 years) had an increase in the risk of all outcomes except, unexpectedly, breast cancer. The final column, which presents a "global index" for the cumulative events, shows that among women enrolled between ages 50 to 59, ET was associated with approximately 20 fewer events per 10,000 women per year of therapy compared with placebo. A null effect is observed among women enrolled at ages 60 to 69, and an excess of approximately 45 events is observed with ET among women enrolled at ages 70 to 79.
Risk must be viewed in light of age at HT initiation
■ CONCLUSIONS FROM RANDOMIZED TRIALS
HT's effects on CHD and mortality: Timing is everything Cumulative data from randomized trials indicate that in the overall population of women studied, HT, aspirin, and lipid-lowering therapy each have a null effect on the incidence of CHD and mortality. However, within this overall null effect, early initiation of HT (in terms of time from menopause [ with reductions in total mortality and CHD incidence. Additionally, a duration of HT use beyond 5 years is associated with a reduction in the incidence of CHD. 9, 10, 20, 28, 29 These effects of the timing and duration of therapy are unique to HT. Unopposed ET may have an advantageous profile relative to EPT for reducing the incidence of CHD and mortality in postmenopausal women.
Gaining perspective on risks
The risks of stroke and VTE associated with HT are low for women overall and lower still for women who are within 10 years of menopause or younger than age 60 when they start HT. With respect to stroke, fewer cases of stroke developed in users of ET compared with placebo in women who started HT before age 60. The risks of EPT are comparable to those of other medications commonly used in this population of women. More broadly, the magnitude and types of risk associated with HT are similar to those associated with other commonly used therapies.
In addition, the underappreciated benefits of HT, such as potential prevention of diabetes mellitus (15 fewer cases of incident diabetes per 10,000 women per year with EPT and 14 fewer cases with ET), need to be recognized and discussed with our patients. These data are consistent in both observational studies and randomized trials.
The bottom line
As data from randomized trials of HT accumulate, the results are clearly similar to those from the more than 20 observational studies indicating that young, symptomatic postmenopausal women who use HT for long periods have lower rates of CHD and total mortality compared with postmenopausal women who do not use HT. Consistent with these data, the American Association of Clinical Endocrinologists issued a position statement in 2008 concluding that for symptomatic menopausal women under the age of 60, the benefits of HT exceed the risks. 53 Nevertheless, the bottom line remains that the estrogen-cardioprotective hypothesis has yet to be studied, since randomized trials have not been conducted in the same population of women from which the hypothesis was generated. This hypothesis will be directly evaluated, however, in the ongoing Early versus Late Intervention Trial with Estradiol (ELITE). This randomized trial, funded by the National Institute on Aging, is designed to determine the effects of 17β-estradiol on the progression of atherosclerosis, cognition, and other postmenopausal health issues in recently menopausal (< 6 years) and remotely menopausal (≥ 10 years) women with no history of cardiovascular disease or diabetes. Until data from trials like ELITE emerge, guidelines such as those from the North American Menopause Society 54 (reviewed in the next article in this supplement) are reasonable for clinical practice.
